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[Designation of document! Specification 

(Title of the Invention! HIGH-MELTING SUPERALLOY AND 
METHOD OF PRODUCING THE SAME 
[Claimsl 

[Claim 11 A high-melting superalloy made of iridium or rhodium 
as a base comprising at least one metal selected from the group 
consisting of titanium, zirconium, hafnium, vanadium, 
niobium, and tantalum and at least nickel, wherein an fee phase 
and an LI2 phase are formed in a texture thereof. 
[Claim 2] The high-melting superalloy according to claim 1, 
wherein a deposit having an LI2 structure is 
conformity-deposited in the fee phase of the matrix phase. 
[Claim 3] The high-melting superalloy according to claim 1 
or 2, wherein the volume % of the LI2 phase is from 20 to 80 %. 
[Claim 41 A method of producing the high-melting superalloy 
described in any of claims 1 to 3, which comprises adding 
nickel to one of an iridium-base superalloy made of iridium 
as a base containing from 2 to 22 atomic % of at least one metal 
selected from the metal group consisting of titanium, 
zirconium, hafnium, vanadium, niobium, and tantalum and a 
rhodium-base superalloy made of rhodium as a base containing 
from 2 to 22 atomic % of at least one metal selected from said 
metal group, or to metals or a combination of the alloys 
realizing one of said superalloys, followed by ingoting to 
produce a high-melting superalloy. 
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tClaim 5) The method of producing a high-melting superalloy 
according to claim 4, wherein the iridium-base superalloy or 
the rhodium-base superalloy exists in an amount of at least 
5 mole % in terms of the superalloy, and nickel is added in 
an amount of at least 5 atomic %• 

[Claim 6] A method of producing the high-melting superalloy 
described in any of claims 1 to 3, which comprises mixing one 
of an iridiura-baae superalloy made of iridium as a base 
containing from 2 to 22 atomic % of at least one metal selected 
from the metal group consisting of titanium, zirconium^ 
hafnium, vanadium, niobium, and tantalum and a rhodium-base 
superalloy made of rhodium as a base containing from 2 to 22 
atomic % of at least one metal selected from said metal group 
or metals or a combination of alloys realizing one of said 
superalloys, with a nickel-base alloy made of nickel as a base 
or metals or a combination of the alloys, followed by ingoting 
to produce a high-melting superalloy. 

[Claim 7] The method of producing a high-melting superalloy 
according to claim 6, wherein the iridium-base superalloy, the 
rhodium-base superalloy, or the nickel-base alloy is mixed so 
that each alloy exists in an amount of at least 5 mole % in 
terms of each alloy. 

[Detailed Description of the Invention! 
[00011 

[Technical Field to which the Invention Belongs! 



The present invention relates to a high-melting 
superalloy. More specifically, the invention relates to a new 
high-melting superalloy which is capable of improving the 
output and the heat efficiency of high- tempera ture 
instruments such as a gas turbine for electric power 
generation, a jet engine, a rocket engine, etc. 
[00021 

[Prior Art and its Problena] 

Turbine blades and turbine vanes used for 
high- temperature instruments such as a gas turbine for 
electric power generation, a jet engine, a rocket engine, 
etc., are used under high- tempera ture and High-stress 
conditions. Hitherto, for these turbine blades and turbine 
vanes, Ni-base superalloys having a high heat resistance and 
an excellent high- temperature strength have bee used but the 
use temperature have become severe year by year. This is 
because the increase of a combustion gas temperature is the 
most effective correspondence to further increase the output 
and the heat efficiency of high- tempera ture instruments. 
Consequently, for the turbine blades and the turbine vanes, 
the improvement in the high- temperature strength has been 
desired, which means, in other words, that the improvement in 
the high- temperature strength of materials used for turbine 
blades and turbine vanes is indispensable. The durable 
temperature of Ni-base superalloys capable of having a 
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substantial strength is about 1,100°C. If a new material, 
which can be used at a temperature higher than the temperature 
and can be realized at a relatively low cost, can be developed, 
it is very useful for practical use, 
[0003] 

The present invention has been made in view of the 
circumstances as described above and its object is to provide 
a new high-melting superalloy which can further improve the 
output and the heat efficiency of high - temperature 
instruments, has the characteristics better than the related 
art Ni-base superalloys, and can be realized at a relatively 
low cost. 
[0004] 

iMeans for Solving the Problems] 

As a result of various investigations, the present 
inventors have discovered that by compounding or mixing an 
iridium-base alloy (melting point: 2, 447*'C) or a rhodium-base 
alloy (melting point; 1/ 960''C) having a high-melting point and 
a high strength at a high temperature and being excellent in 
the oxidation resistance, with nic]cel or a nickel-base alloy 
(density: 8.9 g/cm^ (cf., density of an iridium-base 
superalloy: 22.4 g/cm^, density of a rhodium-base superalloy: 
12.44 g/cm^)), which is light-weight, is excellent in 
ductility, and is inexpensive aa compared with the 
above-described superalloys, followed by ingoting, a 
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superalloy wherein both phases of an fee phase and an LI2 phase 
are formed in the texture, and a deposit having an LI2 structure 
in the matrix phase having an fee structure is 
conformity-deposited is obtained, and that the obtained 
superalloy is not only excellent in the high- tempera ture 
strength and the oxidation resistance but also relatively 
light-weight and also has a ductility, leading to 
accomplishment of the present invention. 
(00051 

That is, the present invention is to provide a 
high-melting superalloy comprising at least one metal 
selected from the group consisting of titanium, zirconium, 
hafnium, vanadium, niobium, and tantalum and at least nickel, 
wherein an fee phase and an LI2 phase are formed in a texture 
thereof (Claim 1) . 
[OOOG] 

The invention is to provide, as a preferred embodiment 
of the above high-melting superalloy that a deposit having an 
Lla structure is conformity-deposited in the fee phase of the 
matrix phase (Claim 2) and that the volume % of the LI2 phase 
is from 20 to 80 % (Claim 3) . 

Also, the invention provides a method of producing the 
high-melting superalloy described in any of claims 1 to 3, 
which comprises adding nickel to one of an iridium-base 
superalloy made of iridium as a base containing from 2 to 22 
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atomic % of at least one metal selected from the metal group 
consisting of titanium, zirconium, hafnium, vanadium, 
aiobium, and tantalum and a rhodium-base superalloy made of 
rhodium as a base containing from 2 to 22 atomic % of at least 
one metal selected from the metal group, or to metals or a 
combination of the alloys realizing one of the superalloys, 
followed by ingoting to produce a high-melting superalloy 
(Claim 4) . 
[00071 

As a preferred embodiment for the invention of claim 
4, the invention provides a method of producing a high-melting 
superalloy, wherein the iridium-base superalloy or the 
rhodium-base superalloy exists in an amount of at least 5 
mole % in terms of the superalloy, and nickel is added in an 
amount of at least 5 atomic % (Claim 5) . 

Further, the invention provides a method of producing 
the high-melting superalloy described in any of claims 1 to 
3, which comprises mixing one of an iridium-base superalloy 
made of iridium as a base containing from 2 to 22 atomic % of 
at least one metal selected from the metal group consisting 
of titanium, zirconium, hafnium, vanadium, niobium, and 
tantalum and a rhodium-base superalloy made of rhodium as a 
base containing from 2 to 22 atomic % of at least one metal 
selected from the metal group or metals or a combination of 
alloys realizing one of the superalloys, with a nickel-base 
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alloy made of nickel as a base or metals or a combination of 
the alloys, followed by ingoting to produce a high-melting 
Buperalloy (Claim S) . 
[0008] 

Still further/ as a preferred embodiment for the 
invention of claim 6, the invention provides a method of 
producing a high-melting superalloy according to claim 6, 
wherein the iridium-base superalloy, the rhodium-base 
superalloy, or the nickel-base alloy is mixed so that each 
alloy exists in an amount of at least 5 mole % in terms of each 
alloy (Claim 7) . 

Then, the high-melting superalloy of the invention and 
the method of producing the same are described in detail. 
[00091 

[Mode for Carring Out the Invention] 

The high-melting superalloy according to the invention 
is a ternary or higher alloy which comprises at least one metal 
selected from the group consisting of titanium, zirconium, 
hafnium, vanadium, niobium, and tantalum, and at least nickel 
wherein an fee phase and an LI2 phase are formed in a texture 
thereof • 
[0010] 

The high-melting superalloy of the invention is 
produced by adding nickel to, for example, one of an 
iridium-base superalloy made of iridium as a base containing 
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from 2 to 22 atomic % of at least oae metal selected from tlie 
metal group consisting of titanium, zirconium, hafnium, 
vanadium, niobium, and tantalum and a rhodium-base superalloy 
made of rhodium as a base containing from 2 to 22 atomic % of 
at least one metal selected from the metal group, or to metals 
or a combination of the alloys realizing one of the 
auperalloys, followed by ingoting. 
[OOlX] 

Also, the high-melting superalloy of the invention is 
produced by mixing one of an iridium*base superalloy made of 
iridium as a base containing from 2 to 22 atomic % of at least 
one metal selected from the metal group consisting of 
titanium, zirconium, hafnium, vanadium, niobium, and tantalum 
and a rhodium-base superalloy made of rhodium as a base 
containing from 2 to 22 atomic % of at least one metal selected 
from the metal group or metals or a combination of alloys 
realizing one of the superalloys, with a nickel-base alloy 
made of nickel as a base or metals or a combination of the 
alloys, followed by ingoting. 
[0012] 

The nickel-base alloy referred to in the latter 
production method includes from a binary alloy such as a 
nickel - aluminum (Ni-Al) alloy to a more than binary 
nickel-base superalloy which is presently used as heat 
resisting material for high- temperature instruments. 
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with respect to the ingoting in the production method, 
there is no particular restriction regarding the system. For 
example, there is illustrated a method including an 
arc-melting of the mixture and a homogenizing treatment for 
homogenizing the composition carried out thereafter as an 
example . 
[0013] 

The high-melting superalloys of this invention 
produced by these production methods each has both phase of 
the fee phase and the LIj phase in the texture, the formation 
of the two phases ensure a sufficient strength. It is confirmed 
by analyzing the phase conposition that nichel which is a 
component element added or blended partially replaces iridium 
or rhodium in this texture- 
[00X4] 

Also, while it is considered that the composition ratio 
of the metal components on the superalloy is an important 
factor, a two-phase conformity texture wherein a deposit 
having an LI2 structure, is conformity-deposited in the matrix 
pha:se having an fee structure, is. formed. In this case, the 
two-phase conformity texture means a texture wherein a row of 
adjacent crystal lattices is continued without being broken. 
When the two-phase conformity texture is formed, the strength 
is more increased than the superalloy simply made of two phases 
of the fee phase and the Llj phase. This is considered to be 
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caused by that the conformity interface between the matrix 
phase and the deposit disturbs the transfer of the 
dislocation. Such a two-phase conformity texture is surely 
formed in the case where at least one of the iridium-base 
Buperalloy and the rhodium -base super alloy, and the 
nickel-base alloy are used as the raw materials in the 
above-described production method, and each alloy has a 
two-phase conformity texture having an fee phase and an LI2 
phase. 
[0015] 

It is. not always unnecessary that the fee phase and the 
LI2 phase each exists as one kind regarding the kind of 
constituting substances. Because the high-melting superalloy 
of the invention is the multi- component alloy as described 
above, it is possible that plural kinds of the fee phases and 
LIi phases each having a different existing concentration 
exist together. 

In the texture formed by both phases of the fee phase 
and the LI2 phase, it is preferred that an amount of the LI2 
phase is from 20 to 80% by volume. When the amount of the LI2 
phase is less than the lower limit, the strength is lowered. 
On the other hand, the LI2 phase may exceeds the upper limit 
but the preparation of such a superalloy becomes considerably 
difficult. 
[0016] 
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Also, in the case where the i ridium-base superalloy or 
the rhodium-base superalloy, and nickel or the nickel-base 
alloy are used as the raw materials, the high-melting 
superalloy of the invention can independently show the 
characteristics of the iridium-base superalloy or the 
rhodium-base superalloy and nickel or the nickel alloy, in the 
above-described production method. That is, the high-melting 
superalloy of the invention shows all the high melting point, 
the high- temperature high strength, and the excellent 
oxidation resistance of the iridium-base superalloy or the 
rhodium-base superalloy and also the light-weight and the 
excellent ductility of nickel or the nickel-base alloy. Also, 
by the existence of nickel or the nickel-base alloy, the 
high-melting superalloy of this invention becomes relatively 
inexpensive , 
[00171 

In this case, in order that the characteristics of these 
metals, alloys, and the superalloys are clearly observed, it 
is preferred that a mass ratio of the iridium-base superalloy 
or the rhodium-base superalloy is at least 5 mole % in terms 
of superalloy, and the content of nickel alone or the 
nickel-base alloy is at least 5 mole % in terms of metal or 
the alloy. When the contents of these superalloys and metal 
or the alloy are less than the lower limits, these 
characteristics of them are not always sufficiently obtained. 
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[0018] 

The high-melting superalloy containing from 5 to 50 
mole % the iridium-base superalloy or the rhodium-base 
superalloy of itself or in terms of them is light-weight and 
is considered to be effective as the rotary members of turbine 
blades, etc., and, on the other hand, when the content of the 
iridium-base superalloy or the rhodium-base superalloy is 
larger than the above- described content, as from 50 to 93%, 
Che application of the high-melting superalloy of the 
invention to the members used at a higher temperature is 
expected to be useful. 
[0019] 

Then, the examples of the high-melting superalloy of 
the invention and the production method thereof are described. 
[0020] 
[Example] 
Example 1: 

An iridium-15 niobium (Ir-15Nb) alloy was compounded 
with niclcel (Ni) and the mixture was arc-melted in a vacuum 
furnace under an argon atmosphere to produce four Icinds of 
auperalloys (ingots) of A, B, C, and D shown in Table 1 below. 
[0021] 
[Table 1] 



Superalloy 


Supera 


loy Composition (atomic %) 


Ni 


Nb 


Ir 


A 


10 


15 


Balance 



12 



B 


20 


15 


Balance 


C 


30 


15 


Balance 


D 


50 


15 


Balance 



[0022] 



From each ingot, a test piece having a height of 6 mm 
and a diameter of 3 mm was cut and subjected to an aging 
treatment in a. vacuum furnace of 5 x 10"' Torr at 1, 300^*0 for 
one week. Also, the phase formed in each test piece was 
determined by an X-ray diffraction analysis (XRD) and an 
energy dispersion type X-ray analyzer (BDAX) , 

AS a result, the superalloys A and B of Table 1 had the 
textures composed of only two phases of the fee phase and the 
Lla phase. In particular, in the superalloy A, a two-phase 
conformity texture that the deposit having the LI2 structure 
was conformity-deposited in the matrix phase having the fee 
structure was formed. The fee phase was made of Ir and the 
Iil2 phase was made of IrsNb. Also, in each of these phases, 
Ni formed a solid solution with the phase. On the other hand. 
In the superalloys C and D, in addition to the above- described 
two phases, a S phase ( (Ir, NDnNbs) belonging to a 
orthorhombic system was confirmed as a third phase. In 
addition, in each of the superalloys shown above, an amount 
of IraNb having the LIj structure was within the range of from 
20 to 80% by volume. 
[0023] 

Figs, la to Id each is an optical microphotograph of 
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each test piece. 

In the superalloy A, a dendrite texture (Fig- la) was 
formed and in the superalloye B, C, and D, fine textures (Figs, 
lb. iG, and Id) were formed. Also, it was confirmed that with 
the increase of the compounding amount of Hi, the texture 
became thicker and rougher. 

Also, about the above-described test materials, a 
compression test (in the air, stress speed 3,0 x 10"*/s) was 
carried out in the temperature range of from room temperature 
to 1, 200*C. The results are shown in the graph of Fig. 2. 
[0024] 

As is clear from the graph of Pig. 2, the compression 
strength of superalloy A was about 2 times that of lr-15Nb at 
room temperature and was almost the same as that of Ir-15Nb 
at 1,200*^0. The compression strengths of superalloys B, C, 
and D were lower than the compression strength of Ir-15Nb at 
both room temperature and 1, 200''C. However, the compression 
strengths of each of the above superalloys are higher than that 
of an Ni-base superalloy used for high- tempera ture 
instruments . 
[0025] 

Also, in each of the superalloys, the ductility is 
improved by the addition of Ni. Particularly, in superalloy 
B, the ductility is about 13%, which is far higher than that 
of Ir-l5Nb, Also, it is admitted that the utility of the 
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superalloys is higher than the Ir-lSNb alloy. Furthermore, 
because a part of Ir is replaced with Ni, the Ir amount of the 
Buperalloys can be reduced, which lowers the cost of the 
alloys. Thus, in the point, the high utility of the 
superalloys is also confirmed. 
Exampl e 2 : 

As the iridium-base superalloy, an iridium-20 niobium 
(Ir-20Nb) alloy and an iridium-20 tantalum (Ir-20Ta) alloy 
were selected and, as the nickel-base alloy, a nickel-16-8 
aluminum (Si-16.8A1) alloy was selected. The mol fractions 
of the iridium-base superalloy and the nickel-base alloy were 
selected to be Ir-base superalloy ; Ni-base alloy = 25 ; 75 
(group A), 50 : 50 (group B) , and 75 : 25 (group C) , sum total 
S kinds of the quaternary alloys of the compositions shown in 
Table 2 below were prepared by arc-melting in an argon 
atmosphere , 
[002&] 



[Table 2] 





Superalloy Com 


position (atomic %) 


Group A 


lr-5Nb-62.4Ni-12.6AI 


lr-3.75Ta-62.4Ni-1 2.6AI 


Group B 


lr-10Nb-41.6NI-8.4AI 


Ir-7.5Ta-41.6NI.8.4AI 


Group C 


lr-15Nb-20.8NI-4.2AI 


lr-11.25Ta-20.aN(-4.2AI 



[00271 



About these six kinds of the quaternary alloys, the 
phase determination and the texture observation as in Example 
1 were carried out. 

As a result, in the 4 kinds of the superalloys of group 
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A and group C, the two-phase conformity textures composed of 
the fee phase I (Ir, Ni) ) and two kinds of LI2 phases ( (ui, Ir) 3 
{Al, ID and (Ir. Ni)3 (Nb, Al) , or (Ni, Ir)3 (Ni, Ta) and (Xr, 
Ni) 3 (Ta, Al) ) were formed. On the other hand, in the two kinds 
of the superalloys of group the two-phase conformity 

textures by the fee phase and two kinds of the LI2 phases same 
as those of the superalloys of group A and group C were formed 
but in the cases, B2 phase ( (Ir, Ni) (Al, Nb) or {Ir, Ni) (Al, 
Ta)) was additionally observed. 
[002B] 

In addition, in the above - described composition 
formulae, for example, (Ni, Ir)3 (Al, Nb) means NiaAl 
containing Ir and Nb, wherein a part of Ni is replaced with 
Ir and a part of Al is replaced with Nb. Other composition 
formulae also employ the same expression system as above. 

Figs. 3a, 3b, and 3c are the secondary electron images 
showing the textures of Ir-Nb-Ni-Al quaternary- alloys 
belongings to group A, group B, and group C, respectively. 
[00291 

in the superalloy A, the fee phase and the first LI2 
phase of NiaAl containing Ir and Nb were observed. In the 
superalloys B and C, larger LI2 phases were deposited. The 
B2 phase was observed in the superalloy B only as described 
above. In three superalloys A to C, together with the first 
LI2 phase of NisAl containing Ir and Nb, a small second LI2 phase 
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of IraNb containing Ni and Al was found in the fee matrix phase. 
[0030] 

Then, the alloys prepared were subjected to an aging 
treatment in vacuo at 1, 300*^0 and 1, 400*^0 for one week and the 
textures were observed again. 

In each superalloy subjected to the aging treatment of 
1,300*C, two kinds of small second LI3 phases were deposited 
from the fee matrix phase. As the result of the phase analysis 
of the superalloys B and C, it was confirmed that the second 
LI2 phase contained larger amount of Hi than the first Llj 
phase. In the superalloy A, 23 atomic % ir was contained in 
the first LI2 phase. The Ir amount in the matrix phase 
increased with the increase of the Ir amount of the superalloy. 
On the other hand, the Nb amount in the matrix phase is almost 
the level of 5 atomic %. After the aging treatment at 1, 400**C, 
in addition to a larger first LI2 phase, a large amount of 
second LI, phases each having a different form and size were 
formed in the fee phase. Also, in the superalloy B, the B2 
phase was vanished. Thus, it is considered that the melting 
point of the B2 phase in the superalloy B is 1, 400''C. Also, 
in each of the superalloys, the amount of the LI2 phase was 
within the range of from 20 to 80% by volume ratio. 
[00311 

The above^described texture observation results were 
the same as those about the Ir-Ta-Ni-Al quaternary alloy* 
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Then, each of the following six kinds of the quaternary 
alloys was heated to 1, 400°C for one week, and the compression 
strength of each of them at 1, 200*0 was measured- The results 
are shown as the correlation diagrams of Fig. 4 and Fig. 5. 

In theses Fig. 4 and Pig 5, for comparison, the 
strengths of an Ni-base superalloy (Marm 247) and the 
iridiujn-base superalloya of Ir-15Nb and lr-20Nb are shown 
together . 
[00321 

Each of the quaternary alloys shows the high 
compression resistance as compared with an Ni-base superalloy 
applied to high- temperature instruments. On the other hand, 
the compression strengths of these quaternary alloys are lower 
than that of Ir-Nb- However, the ductility of each alloy is, 
by mixing of the nickel-base alloy, 18% at the lowest and is 
improved as 89% is obtained at the highest. Thus, it is 
admitted that the utility of the alloys is higher than Ir-15Hb. 
[00331 

Also, from Fig» 4, it is confirmed that the compression 
strength of the quaternary alloy is more improved with the 
increase of the addition amount of Nb or Ta which is the 
addition component of the indium-base superalloy. 
Example 3 : 

Four samples having the compositions of Rhas.xNbisNix 
* 10, 20, 30, and 50) were prepared by arc-melting and from 
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each ingot, a test piece of a height of 6 mm and a diameter 
of 3 mm was cut. The test piece was subjected to an aging 
treatment in vacuo (< 10"^ Pa) at 1,200^C for 100 hours. Also, 
a compression test (in the air, stress speed 3.0 x 10 * s"^) 
was carried out at a temperature of from 20 to l/200°C. Each 
test piece was heated to the test temperature for from 12 to 
20 minutes in a furnace so that a uniform temperature 
distribution was obtained during the test and kept at the 
temperature for 5 minutes before the initiation of loading. 
The compression strength was calculated from the change of the 
height of each test piece before and after the test. 
[0034] 

Also, the texture of each auperalloy was observed by 
a scanning electron microscope (SEM) and a transmission 
electron microscope (TEM) . The test piece observed by the 
scanning electron microscope was electron-polished with an 
ethyl alcohol solution of 5% HCl. The crystal structures and 
the phase compositions of the superalloys after the heat 
treatment were determined by an X-ray diffraction analysis 
(XRD) and an energy dispersion type X-ray analyzer (EDAX) . 
[0035] 

Each of the superalloys of Rhgs.xNbisNix of x < 30 had the 
texture composed of only two phases of the fee phase and the 
LI2 phase of Rh^Nb containing Ni. Particularly, in the 
RhTsNbisHiio superalloy of x « 10, a two-phase conformity 
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texture that a deposit having the LI^ structure was 
conformity-deposited in the matrix phase having the fee 
structure was formed. On the other hand, in the RhBjNbisNiso 
superalloy of x • 50, a pliase ((Ni, Rh)3Nb) belonging to an 
orthorhombic system was confirmed. The contents of Ni 
contained in Rh3Nb were from 4.8 atomic % of RhtsNbisNixa (x 
■ 10) to 19-6 atomic % of RhasNbigNiso (x = 50). Also, in each 
superalloy, an amount of the LI2 phase was within the range 
of from 20 to 80% by volume. 
[0036] 

Fig. 6 is the microphotographs of the superalloys 
heat-treated for 100 hours at 1,200°C. 

Figs. 6a to 6d correspond to the compositions of 
Rhes.xNbisNix (x * 10, 20, 30, and 50), respectively, and, in 
each of the superalloys, a dendrite texture is formed. From 
the comparison of Figs. 6a to 6d, it is confirmed that with 
Increase of the compounding amount of Ni, the texture becomes 
coarser as in Example 1» 
[0037] 

Fig. 7 is a correlation diagram showing the compression 
strength and the ductility of the Rhgs.xNbisNi^ superalloys in 
the relation of the content of nickel. In Fig. 7, the data 
of the Rh-15 atomic % Nb alloy are shown together for 
comparison . 

At room temperature, each of the superalloys with Ni 
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added shows a high compression strength as compared with the 
Rh-Nb two-phase alloy. At 1,200®C, the compression strength 
of Rh7sNbi5Niio (x 10) is 473 MPa, which is higher than the 
compression strength of the Rh-Nb two-phase alloy but the 
compression strength lowers with the increase of the content 
of Ni . However, the compression strength of each of the 
superalloys is higher than that of Ni-baee superalloys which 
have hitherto been applied to high- temperature instruments, 
[00381 

About the ductility at room temperature. the 
superalloys with Ni added are equal to that of the Rh-Nb 
two-phase alloy in the composition on RhssNbisNiao (x = 30) but 
the superalloys having other compositions show lower values. 
However, the ductility o£ the superalloys is 11% (Rh75Nbx5Niio 
(x » 10) ) at the lowest and have the room - temperature ductility 
higher than those of the In-base superalloys shown in Example 
1. 

Example 4: 

By following the same procedure as Example 2 except that 
rhodium was used as the component of constituting the 
superalloys in place of iridium, superalloys were prepared. 
The compression strength and the ductility of each superalloy 
were measured together with the determination of each phase 
and the observation of each texture. Each of the superalloys 
obtained shows a high compression strength and an improved 
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ductility almost the same as those of Example 2 using iridium, 
as compared with the Ni-base superalloys which have hitherto 
been used for high- temperature instruments. 
[00391 

As a matter of course, the invention is not limited to 
the above-described examples. That is, about the 

compositions, the compounding ratios, the preparation 
methods, etc., of the superalloys, various modifications are 
possible . 
[0040] 

[Effect of the Invention] 

As described above in detail, according to the present 
invention, new high-melting superalloys which have the 
characteristics better than Ni-base superalloys in related 
art and can be realized at a relatively low cost are provided. 
Also, by the invention, the more improvements in the output 
and the heat efficiency of high- temperature instruments can 
be realized. 

[Brief Description of the Drawings] 

Pigs. la, lb, Ic, and Id each is an optical 
micropho tograph showing the texture of each sample in Example 
I; 

Fig . 2 is a bar graph comparing the compression strength 
and the ductile of each sample in Example I with those of 
Ir-15Nb; 
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Figs. 3a, 3b, and 3c each is a secondary electron image 
photograph showing the texture of the In-Nb-Ni-Al quaternary 
alloy in Example 2; 

Fig. 4 is a correlation diagram showing the correlation 
of the rool fraction of an iridium-base superalloy and the 
compression strength of the superalloy prepared in Example 2; 

Fig. 5 is a correlation diagram showing the correlation 
of the addition amount of niobium or tantalum in an 
iridium-base superalloy and the compression strength of the 
superalloy prepared In Example 2 ; 

Figs. 6a, 6b, Sc^ and 6d each is a microphotograph 
showing the texture of each sample in Example 3; 

Fig. 7 is a correlation diagram showing the correlation 
of the content of nickel in the superalloys prepared in Example 
3 to the compression strength and ductile thereof. 
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[Designatioa of DocumentJ Abstract 
[Abstract] 

[Problem! To provide a new high melting superalloy which 
has the characteristics better than the Ni-base superalloy and 
can be realized at a relatively low cost, 

(Means for Resolution] The new iridium- or rhodium-based 

high-melting superalloy comprises at least one metal selected 
from the group consisting of titanium, zirconium, hafnium, 
vanadium, niobium, and tantalum and at least nickel wherein 
an fee phase and an LI2 phase are formed in the texture thereof. 
[Selected Drawing] Figure 1 
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Description 

rOOOIl The present invention relates to a high-melting superalloy. More specificalV. the Invention relates to a new 
h^h-meltingsuperalloyhavlngan excellent hlgh-tenperatur^ 

5 fo?higW«nperatoreln6trum^^^^ 

roooll Turbine blades and turbine vanes used for high-temperature instniments such as a gas tuibine for etectnc 
power generation, a jet engine, a rocket engine, etc.. ar@ used under high-temperature and high-stress "^'W""!; 
Krto fortheseturblnebladesandtuiblne vanes, N14,a^^ 
h^^gh-temperature strength havebeen used but the use temperature have be«»^^ 

io thflncrease of a combustion gas temperaiure is most effective to further inerease the output and the heat efftaency 
Of high-temperature instruments. Consequently, for the turbine blades and the turbine vanes, the improvement In the 
hiqh-temperature strength has been desired. wi(A means, inotherwords. that thelmprovementmthehigh-temp^^^^ 

strength of materials used for turbine blades and tuibine vanes is Indispensable. The durable tanperature of Nhbase 
superalloys capable of having a substantial strength is about 1.100'C. If a new matertal, which t»n be used at a 
15 temperature higher than the temperature and can be realized at a relativeV low cost, can be developed. It Is very useful 

rooS*^ With respect to Ni-base superalloys having superior high-temperature strength, various Investigations have 
hitherto been made in order to improve an acid resistanee, a con-oslon resistance, etc. For example, the present 
ventors have proposed to improve the high-temperature strength and the high-temperature corrosion resistance by 
ao solW-solutlon strengthened Nl-base superalloys In which from 0.1 to 5 atomic % of iridium (Ir) Is added, whereby indjum ■ 
Is subjected to solid solution In arphase and ayi>hase (see Japanese Patent Lald-Open No. 1B3281/1998 or WO-A- 
9 B 1 6 972 { E P-A-959 1 43)) 

r00041 on the other hand, the present inventors have also already proposed high-meWng alloys having two crystal 
structures I e., an FCC structure and an structure. In which Iridium, rhodium or a mixture thereof Is added with 

55 niobium t^talum. titanium, aluminum, etc., as alloys having excellent high-tempenature strength characteristics and 
oxidation resistance characteristics (see Japanese Patent Laid-Open No, 311584/1996 or EP.A-732416). 
rooosi However, these Ni-base heat-resistant superalloys are lowered in ductility with an Improvement In the strength 
and are troublesome as practically useful heat-resistant materials. Additional^, the prior above iridium-base alloys or 
rhodium-base anoys are high in cost of the raw materials and involve disadvantages In general-purpose properties. In 

so this sense the Ni-base superalloys which are relatively cheap and can be easily handled are advantageous. 

[00061 However, the related art Nl-base heat-resistant superafloys can not used at the temperature condition of above 
1,300*C as a melting point 

[00071 PrecipltationsofL/2phaseinfccphaseinmatrixwereobBenfedlnlr.15Nb-Nlcontalningsuperall^^ 

to -Mfcrostruchjres andcompresswe properties of lr-15Nb refracloiy superalloy containing Nickel n. Scripta Materlalioa, 

55 VoL39, No. 6, pp. 723-728, 1998. Elsevier Science Ltd. 

[00081 The present invention has been made In view of the circumstances as described above, and the invention 
relates to a new hIgh-meWng superalloy which can further improve the output and the heat efficiency of high-temper- 
ature Instruments, has the characteristics better In not only high-temperature strength but also ductility than the related 
art Ni-base superalloys. and can be realized at a relatively low cost. 

40 [0OD91 As a result of various investigations, the present inventors have discovered that by compounding or mixing 
an irldlum-base alloy (melting point: 2.447'C) or a rhodium-base alloy (melting point: 1 ,960-C) having a hlgh^melting 
point and a high strength at a high temperature and being excellent in the oxidation resistance with nickel or a nickel- 
base alloy (density: 8.9 g/cm^ (cf., density of an Iridium-base superalloy: 22.4 g/cm^, density of a rtiodium-base su- 
peralloy: 12,44 g/cm^)), which Is Ilght-welght, is excellent in ductfllty, and is inexpensive as compared with the above- 

45 described superalloys, followed by Ingoting, a superalloy wherein both phases of an fee phase and an Ll^ phase are 
formed in the texture, and a deposit having an Ll^ structure in the matrix phase having an fee structure Is conformity- 
deposited Is obtained, and that the obtained superaUoy Is not only exceflent in the high-temperature strength and the 
oxidation resistance but also relatively llghi-weight and also has a ductility, loading to accomplishment of the present 

invention. ^ 
so [001 0] That Is, a fiist aspect of the present Invention defined In claim 1 is to provide a high-melting superalloy con- 
sisting of (A) from 5 to 65 atomic % of nickel and (B) from 5 to 20 atomic % of at least one metal selected from the 
group consisting of titanium, zirconium, hafnium, vanadium, niobium, and tantalum, with (O) from 30 to 75 atomte % 
of rtiodium. or a mixture of Iridium and rhodium, wherein a Llg phase Is precipitated in a fee phase of the matrix phase, 
and an amount of the LIg phase is from 20 to 80% by volume. 
55 [0011] The present invention according to dalm 1 also provides a hIgh-meWng superalloy consisting of (A) from 5 
to 65 atomte % of ntekel and (B) from 5 to 20 atomic % of at least one metal selected from the group consisting of 
titanium, zirconium, hafnium, vanadium and tantalum with (0) from 30 to 75 atomic % iridium, wherein a Llg phase is 
precipitated In a fee phase of the matrix phase, and an amount of the Ll^ phase Is from 20 to 80% by volume. 
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[0012] Also, a second aspect of the Invention Is to provide the high-melting superalloy according to the first aspect, 
wherein ah atomic ratio of sum of (A) and (B) is from 20 to 70%. 

[001 3] A third aspect of the Invention is to provide the hlgh-meltlng superalloy according to the first or second aspect, 
wherein In case that the metal (c) is iridium, an atomic ratio of (A) to (B) is from 0.3:1 to 8:1 . 

5 [0014J ' A fourth aspect of the Invention Is to provide the high-melting superalloy according to the first or second 
aspect, wherein. In case that the method (C) is rhodium, the atomic raiJo of (A) to (B) is from 0.25:1 to 12:1 . 
[001 5] A fifth aspect of the invention as defined In claim 6 is to provide the hlgh-meWng superalloy consisting of (A) 
from 4 to 86 atomic % of nickel, (B) from 0.5 to 20 atomic % of at least one metal selected from the group consisting 
of titanium, zirconium, hafnium, vanadium, niobium and tantalum, and (C) from 4 to 66 atomic % of Iridium or rhodium, 

ID or a mixture thereof, with (D) from 0.4 to 20 atomic % of aluminum, wherein a phase fe precipitated In a foe phase 
of The matrix phase, and an amount of the LIg phase is from 20 to 80% by volume. 

[0016] The sixth aspect of the Invention is to provide the high-mefting superalloy according to fifth aspect, wherein 
the sum of atomic "A of (A) and (C). and (B) and (D) are set as follows; 

(A) + (C) z 76 atomic % 



(B) 4^ (D) ^ 25 atomic % 

[0017] A seventh aspect of the Invention Is to provide a method of producing a high-melting superalloy as set forth 
In any of the first to fourth aspects, which comprises compounding at least one of an iridlum-base superalloy made of 
iridium as a base added with at least one metal selected from the metal group consisting of titanium, zirconium, hafnium, 
vanadium, niobium, and tantalum and a rhodium-base superalloy made of rhodium as a base added with at least one 
metaJ selected from the above-described metal group, with nickel, followed by ingoting to produce a high-melting su- 
peralloy. 

[0018] An eighth aspect of the invention is to provide a method of producing a hjgh-meltlng superalloy as set forth 
In any of the first to sixth aspects, which comprises compounding at least one of an Iridium-base superalloy made of 
Iridium as a base added with at least one metal selectedfrom the metal group consisting of titanium, zirconium, hafnium. 
30 vanadium, niobium, and tantalum and a rhodium-base superalloy made of rhodium as a base added with at least one 
metal selectedfrom the above-described metal group, with a nickel-base alloy made of nickel as a base added with 
at least one metal selected from the above-described metal group, or aluminum, followed by Ingoting to produce a 
high-melting superalloy. 



35 BRIEF DESCRIPTION OF TWE DRAWINGS 
[0019] 

Rgs. 1a, lb, 1c, and Id each is an optical microphotograph showing the texture of each sample in Example 1 ; 
J fig. 2 Is a bar graph comparing the compression strength and the ducti% of each sample In Example 1 with those 

of lr-15Nb; 

Figs. 3a, 3b, and 3c each Is a secondary electron Image photograph showing the texture of the Ir-Nb-NhAI qua- 
ternary alloy in Example 2; 

Rg. 4 Is a con-elation diagram showing the correlation of the ratio of an iridlum-base superalloy and the compression 

45 strength of the superalloy prepared in Example 2; 

Fig. 5 is a correlation diagram showing the correlation of the addition amount of niobium or tantalum in an iridiurrv- 

base superalloy and the compression strength of the superalloy prepared in Example 2; 

Figs. ea. 6b, 6c, and 6d each is a mferophotograph showing the texture of each sample in Example 3; 

Fig. 7 is a conflation diagram showing the correlation of the content of ntekel in the superalloys prepared In Example 

so 3 to the compression strength and ductile thereof; 

Rg. B is a view showing the compression ductility and yield strengths at room-temperature and at 1473K of su- 
peralloys of the invention containing Rh and Ir, 

Rg. g is a photograph showing a fracture surface of the superalloy of the invention; and 
Fig. 10 is a photograph showing the texture of the superalloy of the Invention. 

55 

DETAILED DESCRIFTION OF THE INVENTION 

[0020] Then, the high-melting superalloy of the Invention and the method of producing the same are described m 
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detail. 



[00211 The hlgh-meltlng supeialloy according to the Invention consists of (A) from 5 to 73 atomK: % of nrckel and (B) 
from2to 22 atoNc%ofatleast one metal selected from the group con5ist.ngoftitanlum,zirconium^ 
niobium and tantalum, with (C) a balance of rhodium, or a mfacture of iridium and Sodium, wherein an fee phase and 
5 a trPhaTe are fomied in a torture thereof and the LI2 phase te precipitated h a fee phase of the matrix phase, and 
an amount of the LU phase is from 20 to 80% by volume. . . or ^» 

r00221 AHemativeV, the hIgh-meWng euperalley according to the Invention coneists of (A) from 5 to 73 atomic ^ of 
nickel and (B) from 2 to 22 atomic % of at least one metal selected from the group consisting of titanium zirconium, 
hafnium, vanadium and tantalum, with (C) a balance of Iridium. Wherein an fee phase and a Uj phase are fomied m a 
10 texture thereof and the Llg phase is precipitated in a fee phase of the matrix phase, and an amount of the Llg phase is 

• pSsT ^^dteS to sSI^it 19 acceptable thai inevitable Impurttles mingled in the raw materials during the production 
or In the production steps are present in this composition. 

[00241 A proportion of the component (C). I.e.. Wdkim or rhodium, or a mixture thereof, to be contained as a balance 

15 is substantially from 30 to 75 atomic %. 

100251 In the case where. In the hIgh-meWng superalloy of the Invention, the components (A). (B) and (C) fall out the 
above^escrlbed composition range, the requirements whteh are Indispensable to the composition of the euperalloy 
of the invention. (1) a Llg stnjcture Is precipitated in the matrix phase having an fee structure; and (2) the preclpltaton 
phase having an Lfe stmcture accounts forfrom 20 to 80% by volume, cannot be met. Hence, In this case, not only a 

20 desired high-temperature strength but also an improvement in the ductility cannot be obtained. 

100261 In the Inventton. In orderto attain an excellent high-temperaiure strength and an Improvement in the ductiDty, 
it is prefen-ed that a sum of atomic % of (A) and (B) Is from 20 to 70% and that. In case of Iridium as metal (C>, an 
atomic ratio of the component (A) to the component (B) « from 0.3:1 to 8:1 . It Is further preferred that. In case of rhodium 
as metal (C) the atomic ratio of the component (A) to ttie component (B) Is from 0.25:1 to 12:1 . 

ss [0027] Of titanium, ziroonlum. hafnium. var>adlum. niobium, and tantalum as the component (C) are particularly pre- 
ferred niobium, tantalum and titanium. 

[0028] Tliese high-melting superalloys are produced by nnlxing the alloy-constituting element matenals so as to obtain 
a specified composition, followed by Ingoting. and more actually, by compounding at least one of an indlum-base 
superalloy mad© of Wdlum as a base added with at least one metal selected from the metal group consisting of tlianlum, 
zirconium, hafnium, vanadium, niobium, and tantalum and a rhodium-base superalloy made of rhodium as a base 
added with at least one metal selected from the above-described metal group, vrith nickel, followed by Ingoting. 
[0029] Also, these high-melting superalloys are produced by mixing at least one of an iridlum-base superalloy made 
of iridium as a base added with at least one metal selected from the metal group consisting of titanium, zirconium, 
hahilum, vanadium, niobium, and tantalum and a rhodiunvbase superalloy made of rhodium as a base added wnth at 
least one metal selected from the above-descrtoed metal group, with a nickel-base alloy made of nickel as a base 
added with at least one metal selected from the above-described metal group, foOowed by ingoting. 
[0030] In the invention, aluminum may further be added as the component. In this case, the hlgh^neWng superalloy 
of the present Invention comprises 

40 (A) from 4 to 86 atomfc % of nickel, 

(B) from 0.S to20 atomlc% of at least one metal selected from the group consisting of T^, Zr. Hf, V, Nb. andTa. and 

(C) from 4 to 86 atomic % of Ir or Rh, or a mixture thereof, with 

(D) from 0.4 to 20 atomio % of Al. 

45 [0031] It Is pref en«d that the sum of atomic % of (A) and (C) , and (B) and (D) are set as f oBows; 

(A)-»-(C) ^ 75 atomic % 



(B) 4- (0) ^ 25 atomic % 



[0032] In produdngthe aluminum-containing alleys, nlckel-aluminum (Ni-AI) alloys which are presently used as heat 
- resisting materials for hIgh-temperature instnjments are useful as the above-described nickel-base aUoy. 
55 [0033] With respect to the Ingoting In the production method, there Is no particular restriction regarding the system. 
For example, there is illustrated a method including an are-melting of the mixture and a homogenizing treatment, such 
as heat-treatment at high temperature condition of about 1 . BOCC and belowfor homogenizing Oie composition earned 
out thereafter as an example. 
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[0034] The high-melting superalloys of this Invention produced by these production methods each has both phase 
of the fee phase and tha LI2 phase in the texture. 

[0035] Also, while it is consideredthatthe composition ratio of the metal components on the superalloy Is an important 
factor, a iwo-phase conformity texture wherein a deposK having an structure, te confomdlty-depoeSted in the matrix 

5 phase having an fee slmcture, is fomned. in this case, the two-phase conformity texture means a texture wherein a 
row ot adjacent crystal lattices is continued without being broken. When the two-phase conformity texture is fomied. 
the strength Is more Increased than the superalloy simply made of two phases of the fee phase and the LIg phase. This 
is considered to be caused by that the conformity Interface between the matrix phase and the deposit disturbs the 
transfer of the dislocation. Such a two-phase conformity texture is surely formed In the case Where at least one of the 

10 Irldium-base superalloy and the rhodium-base superalloy. and ihe nickel-base alloy are used as the raw materials in 
the above-described production method, and each alloy has a two-phase conformity texture having an fee phase and 
an Ll2 phase. 

[0036] It Is not always unnecessary that the fee phase and the LI2 phase each exists as one kind regarding the kind 
of constituting substances. Because the high-melting superalloy of the invention Is the multi-component altoy as de- 
IS scribed above, it is possible that plural kinds of the fee phases and Ll^ phases each having a different existing con- 
centration exist together. 

[00371 In the texture fomied by both phases of the fee phase and the Ll^ phase, the amount of the phase Is from 
20 to 80% by volume. When the amount of the LTg phase Is less than the lower limit, the strength is lowered. On the 
other hand, the phase may exceeds the upper limit but the preparation of such a superalloy becomes considerably 
"0 diffMAJlt. 

[0038] Also. In the ease where the iridium-base superalloy or the rhodium-base superalloy, and nfckel or the nickel- 
base alloy are used as the raw materials, the high-melting superalloy of the invention can independently show the 
characteristics of the Iridium-base superalloy or the rhodium-base superalloy and nfckel orthe nickel alloy, in the above- 
described production method. That is, the high-melting superalloy of the invention shows all the high melting point, the 

23 high-temperature high strength, and the excellent oxidation resistance of the iridium-base superalloy or the rtiodium- 
base superalloy and also the right-weight and the excellent ductility of nickel orthe nickel-base alloy. Also, by the 
existence of nickel orthe nickel-base alloy, the high-melting superalloy of this Invention becomes relatively Inexpensive. 
[0039] The high-melting superalloy containing 50 atomic % and below of the Iridium-base superalloy or the rhodium- 
base superalloy of itself or in temns of them Is light-weight and is considered to be effective as the rotary members of 

30 turbine blades, etc., and on the other hand, when the content of the iridium-base superalloy or the rhodium-base 
superalloy is larger than the above-described content, as 50 % and above, the application of the high-nneitlng superalloy 
of the Invention to the members used at a higher temperature is expected to be useful. 

[0040] Then, the examples of the high-melting superalloy of the invention and the production method thereof are 
described. 

Reference Example 1: 

[0041] An lridium-15 niobium (lr-15Nb) alloy was compounded with nickel (Ni) and the mixture was aro-melted In a 
vacuum furnace under an argon atmosphere to produce four kinds of superalloys (ingots) of A, B, C, and D shown in 
^ Table 1 below. 



Table 1 



Superalloy 


Superalloy Composition (atomic %) 


Ni 


Nb 


Ir 


A 


10 


15 


Balance 


B 


20 


15 


Balance 


C 


30 


15 


Balance 


D 


50 


15 


Balance 



[0042] From each ingot, a test piece having a height of 6 mm and a diameter of 3 mm was cut and subjected to an 
aging treatment In a vacuum furnace of 5 X 1 0-^ Ton- at 1 ,300*C for one week. Also, the phase formed in each test 
piece was determined by an X-ray diffraction analysis (XRD) and an energy dispersion typo X-ray analyzer (EDAX). 
[0043] As a result, the superalloys A and B of Table 1 had the lexhires composed of only two phases of the fee phase 
and the Ll^ phase. In particular, in the superalloy A, a two-phase conformity texture that the precipitation having the 
Llg structure was conformityi^redpltaied in the matrix phase having the fee structure was formed. The foe phase was 
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10 



15 



&0 



2S 



30 



as 



40 



45 



SO 



ss 



made of Ir and the phase was made of IraNb. Also, in each of these phases, Ni fonned a solid solution with the 
phase. On the other hand. In the superalloys C and D, In addition to the above-described two phases, a 5 phase { (Ir, 
NI)«Nb0) belonging to a orthorhombic system was oonflrmed as a third phase. In addition, In each of the superalloys 
shown above, an amount of Ir^Nb having the Ll^ stnjcture was wlthJn the range of from 20 to 80% by volume. 
[0044] Figs. 1 a to 1 d each Is an optical microphotograph of each test piece. 

[0045] In the superalloy A. a dendrite texture (Fig. 1 a) was fomied and in the superalloys B. C. and D, fine textures 
(Figs, ib» 10, and Id) were fomied. Also, it was confirmed that with the increase of the compounding amount of Ni, 
the texture became thicker and rougher. 

I0046J Also, about the above-described test materials, a compression test (In the air. stress speed 3.0 X 1 0-^/s) was 
carried out in the temperature range of from room temperature to 1 .200*C.The results are shown In the graph of Rg. 2. 
[00471 As Is clear from the graph of Rg. 2, the compression strength of superalloy A was about 2 times that of Ir- 
15Nb at room terr^erature and was almost same as that of lr-15Nb at 1 .200'^C. The compression strengths of super- 
alloys B, C, and D were lower than the compression strength of lr-16Nb at both room temperature and 1,200'C. How- 
ever, the compression strengths of each of the above superalloys are higher than that of an Ni-base superalloy used 
for high-temperature Instruments. 

[0046] Also, In each of the superalloys, the ductility is Improved by the addition of Ni. Particularly, In superalloy B, 
the ductility is about 13%. which is far higher than that of lr-15Nb. Also, It Is admitted thatthe utility of the superaRoys 
Is higher than the ir-lSNb alloy. Furthermore, because a part of Ir Is replaced wfth NI, the Ir amount of the superalloys 
can be rechiced, which lowers the cost of the alloys. Thus, in the point, the high utility of the superalloys is also confirmed 

Example 2: 

[0049] As the Iridium-base superalloy, an iridium-20 niobium (lr-20Nb) alloy and an iridIum-20 tantalum (lr-20Ta) 
alloy were selected and, as the nickel-base alloy, a nIckel-ie.B aluminum {Ni-16-8A1) alloy was selected. The mol 
fractions of the lrid>um-base superalloy and the nickel-base alloy were selected to be Ir-base superalloy : Nl-base alloy 
= 25 : 75 (group A), 50 : 60 (group B) , and 75 : 25 (group C), sum total 6 kinds of the quatemary alloys of the compo- 
sitions shown fri Table 2 below were prepared by arc-metting In an argon atmosphere. 

Table 2 





Superalloy Composition (atomic %) 


Group A 


lr-6Nb-62.4NI-12.6AI 


lr-3.75Ta-62,4Ni-1 2.6AI 


Gn>upB 


lr-10Nb.4l,6NI'8.4Ai 


lr-7.5Ta^1,6NI-fi.4AI 


Group C 


lr-16Nb-203NI-4.2AI 


lr.11 .25Ta-20.BNi-4-2AI 



[00501 About these 6 kinds of the quatemary alloys, the phase detenmlnafion and the tescture observation as in Ex- 
ample 1 were carried out. 

[00511 As a result, In the 4 kinds of the superalloys of group A and group C, the two-phase confonnity textures 
composed of the tec phase ((Ir, NO) and 2 kinds of Ll^ phases ((Ni, Ir), (AI. Ir) and (Ir. ND (Nb. AI), or (Ni. Ir), (Ni, Ta) 
and (Ir, Nl)3 (Ta, AI)) were formed. On the other hand. In the 2 kinds of the superalloys of group B. the two-phase 
cDnfoniiity textures by the fee phase and 2 kinds of the Ll^ phases same as those of the superalloys of group A and 
group C were fomned but In the cases, B2 phase ((Ir, Ni) (AI, Nb) or (Ir, Ni") (AI, Ta)) was additionally observed. 
[0052] In addition, In the above-described composition fonnulae, for example, (Ni, ]t)^ (AI, Nb) means NI3AI containing 
Ir and Nb. wherein a part of Ni is replaced with Ir and a part of Al is replaced with Nb, Other composition formulae also 
employ the same expression system as above. 

[0053] Rgs. 3a, 3b, and 3c are the secondary electron Images showing the textures of Ir-Nb-Ni-AI superalloys be- 
longings to group A, group B, and group C, respectively, 

[0054] In the superalloy A. the few phase and the first Ll^ phase of NI3AI containing Ir and Nb were observed. In the 
superalloys B and C. larger Llg phases were deposited. The B2 phase was observed in the superalloy B only as 
described above. In three superalloys A to C, together with the first U2 phase of NlaAl containing Ir and Nb, a small 
second LI2 phase of Vrjt^h containing NI and AI was found in the fee matrix phase. 

[O055] Then, the alloys prepared were subjected to an aging treatment In vacuo at 1 .300*C and 1,400*C for one 
week and the textures were observed again. 

[0056] In each superalloy subjected to the aging treatment of 1,300''C, 2 kinds of small second Ll^ phases were 
precipitated from the fee matrix phase. As the result of the phase analysis of the superaltoys B and C, it was cent Inned 
that the second LIg phase contained larger amount of NI than the first Llg phase. In the superalloy A, 23 atomic % Ir 
was contained in the first phase. The If amount In the matrix phase Increased with the Increase of the Ir amount of 
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the superalloy. On th© other hand, the Nb amount In the matrix phase Is almost the level of S atomic %. Attertbe aging 
treatment at 1 ,400*C, in addition to a larger first LIg phase, a large amount of second U2 phases each having a different 
form and size were fornied In the fee phase. Also. In the superalloy B. the B2 phase was vanished. Thus, it is considered 
that the melting point of the B2 phase in the superalloy B Is 1 .400*C. Also, in each of the superalloys. an amount of 
s the LI2 phase was within the range of from 20 to 80% by volume ratio. 

[0057] The above-described texture observation results were the same as those about the Ir-Ta-NI-AI quatemafy 
alloy. 

[0058] Then, each of the following e kinds of the quaternary alloys was heated to 1 .400'C for one weeic, and the 
compression strength of each of them at 1,200'*C was measured. The results are shown as the correlation diagrams 
10 of Pg. 4 and Rg. 5. 

[0059] In theses Rg. 4 and Rg 6, for comparison, the strengths of an Ni-base superalloy (Marm 247) and the iridium- 
base superalloys of ir-1 5Nb and lr-20Nb are shown together 

[0060] Each of the quaternary alloys shows the high compression resistance as compared with an Ni-base superalloy 
applied to high-temperature instruments. On the other hand, the compression strengths of these quaternary alloys are 
IS lower than that of Ir-Nb. However, the ductility of each alloy is, by mbiing of the nicl<el-ba3e alloy, 18% at the lowest 
and Is Improved as 69% is obtained at the highest. Thus, it is admitted that the utility of the alloys Is higher than lr-15IMb. 
[0061] Also, from Fig. 4, it is confinned that the conrtpression strength of the quaternary alloy is more Improved with 
the Increase of the addition amount of Nb or Ta which is the addition component of the indium-base superalloy. 

Example 3: 

[0062] Four samples having the compositions of RhB5.xNbi5Nij (k = 1 0, 20. 30, and 50) were prepared by arc-nnelting 
and from each ingot, a test piece of a height of 6 mm and a diameter of 3 mm was cut. The test piece was subjected 
to an aging treatment in vacuo (< 1 0*s Pa) at 1 ,200**C for 1 00 hours. Also, a compression test (in the air, stress speed 
2S 3.0 X 1 0^ 8*^) was carried out at a temperature of from 20 to 1 ,200^*0. Each test piece was heated to the test temper- 
ature for from 12 to 20 minutes in a fumace so that a unlfomi temperature distribution was obtained during the test 
and kept at the temperature for 5 minutes before tt\Q initiation of loading. The compression strength was calculated 
from the change of the height of each test piece before and after the test 

[0063] Also, the texture of each superalloy was observed by a scanning electron microscope (SEM) and a transmls- 
30 sion electron microscope (TEM). The test piece observed by the scanning electron microscope was electron-polished 
with an ethyl alcohol solution of 6% HCI. The crystal stmctures and the phase compositions of the superalloys after 
the heaiireatment were determined by an X-ray diffraction analysis (XRD) and an energy dispersion type X-ray analyzer 
(EDAX). 

[0064] Each of the superalloys of Rhag.xNbiglMI,, of x<30 had the texture composed of only 2 phases of the fee phase 
^ and the LI2 phase of RhgNb containing N^. Particulariy, In the RhygNbigNlio superalloy of x = 1 0. atwo-phase conformity 
texture that a deposit having the LI2 structure was confomilty-deposited in the matrix phase having the fee structure 
was fonned. On the other hand, In the Rh^sNbijNiao superalloy of x = SO. a / phase ((Ni, Rh)3Nb) belonging to an 
orthorhombic system was confirmed. The contents of Ni contained in RhaNb were from 48 atomic % of Rh75Nbt5Niio 
(X = 1 0) to 1 9.6 atomic % of RhasNb^gNiso (x = 60). Also, in each superalloy, an amount of the LI2 phase precipitated 
■> In fee matrix phase was within the range of from 20 to 80% by volume. 

[0065] Rg. 6 Is the microphotographs of the superalloys heat-treated for 1 00 hours at 1 ,200*C. 
[0066] Figs. 6a to 6d con-espond to the compositions of Rheg-^nb^gN^j (x = 1 0, 20, 30, and 50), respectively, and, in 
each of the superalloys, a dendrite texture is fonned. From the comparison of Ftgs. 6a to 6d, It Is confirmed that with 
increase of the compounding amount of NI, the texture becomes coarser as in Example 1. 
^ [0067] Rg. 7 Is a correlation diagram showing the compression strength and the ductility of the RhQ5.KNbi5Nix su- 
peralloys In the relation of the content of nIckeL In Rg. 7, the data of the Rh-1 5 atomic % Nb alloy are shown together 
for comparison. 

[0068] At room temperature, each of the superalloys with NI added shows a high compression strength as compared 
with the Rh-Nb two-phase alloy At 1 ,200^C. the compression strength of RhyjNbisNlio (x = 1 0) is 473 MPa, which is 
so higher than the compression strength of the Rh-Nb iwo-phase alloy but the compression strength lowers with the 
increase of the content of NI. However, the compression strength of each of the superalloys is higher than that of Ni- 
base superalloys which have hitherto been applied to high-temperature Instruments. 

[0069] About the ductility at room temperature, the superalloys with Ni added are equal to that of the Rh-Nb two- 
phase alloy In the composition on Rh^sNb^sNlso (x - 30) but the superalloys having other compositions show lower 
values. However, the ductility of the superalloys Is 11% (FthygNbisNI-jo = 10)) at the lowest and have the room- 
temperature ductility higher than those of the In-base superalloys shown in Example 1 . 
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Example 4: 

10070] By following the same procedure as Example 2 except that rhodium was used as the component of constituting 
the superalloys !n place of Jridium, superalloys were prepared. The compression strength and the ductility of each 
s superalloy were measured together with the determination of each phase and the observation of each texture. Each 
of the superalloys obtained shows a high compression strength and an improved ductility almost th© sanrie as those 
of Example 2 using Iridium, as compared with the Ni-base superalloys which have hitherto been used for high-temper- 
aiure mstaiments. 

10 Examples: 

£0071 ] By f ollowrtng the same procedure as In Example 1 . the alloys of the f ollovidng 2 kinds of compositions (atomic 
%} were produced. 

Rhao IrggNb^sNl^ft 
RhaslrsoNb-jgNiio 

[0072] About the 2 kinds of the alloys, the compression strengths (at room temperature and at 1 ^OO'C) and th© 
room-temperature compressive strain were measured, Itiey were compared with those of the high-temperature super- 
alloys of RhygNbigNI^Q and IrTsNb^^Niio and also those of the alloy of Ir-Nb^^ of related an, and th© results are shown 
In Fig. 8. 

£5 [0073] From Rg. 8, It can be seen that In the superalloys of this Invention containing both Rh and Ir. at room tem- 
perature, the compression strength is about 2 times that of the binary alloy of Ir-Nbig. at i;200*»C, the compression 
strength *fe almost same as that of the binary alloy, that Is. the high-temperature compression strength is not lowered. 
Also, It can be seen that the room-temperature compressive strain is more improved aa the amount of Rh becomes 
largen 

so [0074] Rg. 9 and Rg. 1 0 are the photographs observing the rupture cross-sections of the alloys and the photographs 
showing the alloy textures of them, and the alloys are as follows: 

a: 

Rh^sNb^gNNo 

b: 

^ RhsolrssNb^gNiio 
c: 

RhgslrsoN^lsNlio 

d: 

IrysNbi^NHo 

[0075] From Rg 9, it was confirmed that each alloy showed a transgranular rupture and improved the brtllle property 
of the Ir-Nb binary alloy caused by an intergranular mpture. 
55 [0076] From Rg. 1 0, It was conf Imned that in each case, a third phase was not formed and itie texture of each alloy 
was a twO'phase texture of fee + LI2. 

[0077] As a matter of course, the Invention is not Timited to the above-described examples. That is, about the com- 
positions, the compounding ratios, the preparation methods, etc., of the superalloys, various modifications are possible. 
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[0076] As described above in detail, according to the present invention, new higb-meWng superalloys which have 
the characteristics betterthan Nl-base superalloys in related art and can be reafized at a relailveiy low cost are provided. 
Also, by the invention, the more Improvements In the output and the heat efficiency of high-temperature instruments 
can be realized. 



Claims 

1 . A high-melting superalloy consisting of: 

(A) from 5 to 65 atomic % of nickel; and either 

(B) from 5 to 20 atomic % of at least one metal selected from the group consisting of ttonlum, zirconium, 
hafnium, vanadium, niobium, and tantalum, 

with (C) from 30 to 75 atomic % of rtiodium. or a mixture of iridium and rhodium; or 

(B) from 5 to 20 atomic % of at least one meial selected from the group consisting of titanium, zirconium, 
hafnium* vanadium and tantalum, with (C) from 30 to 75 atomic % of iridium; 

wherein a Lig phase precipitated in a foe phase of the matrix phase, and the amount of the LI2 phase is from 
20 to 60% by volume, 

2. The highHTieltIng superalloy of claim 1 wherein metal (B) Is selected from titanium, zirconium, hafnium, vanadium 
and tantalum. 

3. The high-meWng superalloy according to claim 1 or 2, wherein the atomic % of sum of (A) and (B) Is from 20 to 70%. 

4. The bigh-melllng superalloy according to claim 1 to 3, wherein, In case that the metai (C) Is Iridium; the atomic 
ratio of (A) to (B) is from 0.3:1 to 8:1 . 

5. The high-melting superalloy according to claim 1 to 3. wherein, in case that the metal (O is rhodium, the atomic 
ratio Of (A) to (B) Is from 0.25:1 to 12:1 . 

6. A high-metting superalloy consisting of (A) from 4 to 86 atomic % of nickel, (B) from 0.5 to 20 atomic % of at least 
one metal selected from the group consisting of titanium, zirconium, hafnium, vanadium, niobium, and tantalum, 
and (C) from 4 to 86 atomic % of Iridium or rhodium, or a mixture thereof, with (D) from 0.4 to 20 atomic % of 
aluminum, wherein a LI21 phase is precipitated In a fee phase of the matrix phase, and the amount of the Ll^, phase 
is from 20 to B0% by volume. 

7. The high-melting superalloy according to claim 6, wherein the sum of atomic % of (A) and (C), and (B) and (D) are 
set as follows, 

(A) + (C) > 75 atomic % 



(B) + (D) ^ 25 atomic %. 

6. A method of producing a high-melting superalloy as setf orth In any of claims 1 to 5. which comprises compounding 
at least one of an Iridium-base superalloy made of Iridium as a base added with at least one metal selected from 
the metal group consisting of titanium, zirconium, hafnium, vanadium, niobium, and tantalum and a rhodium-base 
superalloy made of rhodium as a base added with at least one metal selected from the above-described metal 
group, with nicicel, followed by ingoting to produce a high-metting superalloy. 

9. A method of producing a high-melting superalloy as setTorth in any of claims 1 to 7, which comprises compounding 
at least one of an iridlum*base superalloy made of iridium as a base added with at least one metal selected front 
the metal group consisting of titanium, zirconium* hafnium, vanadium, niobium, and tantalum and a rhodium-base 
superalloy made of rhodium as a base added with at least one metal selected from the above-described metal 
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group with a nickel^base alloy made of nickel as a base added with at least one metal selected from the above- 
described metal group, or aluminum, followed by Ingoting to produce a high-welting superalloy 

Patentanspruche 

1. Hochschmelzende Superleglerung bestehend aus 

(A) von 6 bis 65 Atom-% Nickel; und entweder 

(B) von 5 bis 20 Atom-% aus wenlgetens einem Metall ausgewahh aus der Gruppe, die besteht aus Titan, 
Zlrkonlum, Hafnium, Vanadium, Nlob und Tantal mil 

(C) von 30 bis 75 Atom-% Rhodium oder einem Gemlseh von iridium und Rhodium; oder 

IS (B) von 5 bis 20 Atom-% auB wenlgstens einem Metall ausgewahit aus der Gruppe, die besteht aus Titan, 

Zirkonlum. Hafnium, Vanadium und Tantal mit (C) von 30 bis 76 AtDm-% iridium; 

worin eine LI2 Phase sich In einer fee Phase der Matrbcphase nlederechlfigt und die Menge der Ll^ Phase von 20 
bis 80 Volumen-% refcht. 

^ 2. Die hochschmelzende Superiegierung gema6 Anspruch 1 , worin Metall (B) ausgewahit wird aus Titan, Zirkonlum, 
Hafnium, Vanadium und Tantal. 

3. Die hochschmelzende Superiegiewng gemaB Anspruch 1 oder 2, worin die Atom.% der Summe von (A) und (B) 
von 20 bis 70 % reichen. 

4. Die hochschmelzende Superiegierung gemaB Anspruch 1 bis 3, worin fur deft Fall das das K/letaH (C) Iridium ist, 
das Atomverhaitnfe von (A) zu (B) von 0.3;1 bis 8:1 relcht 

30 5, Die hochschmelzende Superleglemng gemfiB Anspruch 1 bis 3, worin fOr den Fall das das Metall (Q) Rhodium 
1st, das Atomverhaltn'is von (A) zu (B) von 0,25:1 bis 12:1 relcht. 

6. Hochschmelzende Superiegierung bestehend aus 

3S (A) von 4 bis B6 Atom-% Nickel, 

(B) von 0,5 bis 20 Atom-% aus wenigstens einem Metall ausgewahit aus der Gruppe, die besteht aus Titan» 
nriconium, Hafnium, Vanadium, Niob und Tantal und 

(C) von 4 bis 86 Atom-% Iridium oder Rhodium, oder einem Gemisch davon, mit 

(D) von 0,4 biB 20 Atom-% Aluminium, 

worin elne Ll^ Phase In einer fee Phase der Matrtxphas© gef fillt wird und die Menge der Llg Phase von 20 bis 80 
Volum0n-% reicht. 

7. Die hochschmelzende Superiegierung gemaI3 Anspruch 6, worin sich die Summe der Atom-% von (A) und (C), 
^5 und (B) und (D) sich wie f olgt darstellt: 

(A) + {C)&75Atom-% 



40 



(B) + (D) ^ 25 AtDnv%. 

8. EIn Verfahren zur Herstellung einer hochschmelzenden Superiegierung wIe In einem der Anspiuche 1 bis 5 dar- 
gelegt, welches umfast das Vemiischen wenigstens einer Superiegierung auf Iridlum-Basis, 
hergestellt aus Iridium als einer Basis angerelchert m!t wenigstens einem Metall ausgewahit aus der Metallgruppe 
bestehend aus Titan, Zirkonlum, Hafnium, Vanadium, Nlob und Tantal, 

und alner Superlegloning auf Rhodium-Basis, hergestellt aus Rhodium als einer Basis angerekshert mit wenigstens 
einem Metall ausgewahit aus der oben beschrlebenen Metallgruppe, 
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mil Nickel, gefolgt von einem Guss In BI6cke urn eine hochschmelzende Superleglerung herzustellen. 

9. Eln Verfahren zur Herstellung einer hochschmelzenden Superlegiening wle In einem der Anspiiiche 1 bis 7 dar- 
gelegt, welches umfast das Vennnischen wenigstens elner Superlegiening auf Iridlum-Basia. 
hergestellt aus Iridium als elner Basis angereichert mitwenigstens einem Metall auegewahit aua der Metallgruppe 
bestehend aus Titan, Zirkonlum, Hafnium, VSanadrum, Niob und Tantal, 

und elner Superlegiening auf Rhodium-Basis, hergestellt aus Rhodium als elner Basis angereichert mil wenlgstens 
einem Metall ausgewihit aus der oben beschrlebenen Metallgruppe, 

mit einer Legienjng auf Nickel-Basis, hergestellt aus Nickel als einer Basis angereichert mit wenlgstens einem 
Metall ausgewihit aus der oben beschriebenen Metallgruppe, oder Aluminium, gefolgt von einem Guss in BI5cke 
um eIne hochschmelzende Superleglerung herzustellen. 



Revendicatians 

1 . Superainage a temperature de fusion Slevee constitu4 de : 

(A) 5 a 65 % atomiques de nickel ; et soit de 

(B) Sk20% atomiques tfau molns un metal choisi dans le groupe consit!tu6 par le mane, le zirconium, 
le hafnium, le vanadium, le niobium, et le tantale, 

avec (C) de 30 & 75 % aibmlques de rhodium, ou rfun melange Iridium et de rhodium ; solt de 

(B) de 5 a 2Q % atomiques d'au moins un m6tal choisi dans le groupe constitue par le titane. le zirconium, le 
hafnium, le vanadium, et le tantale, avec (C) de 30 a 75 % atomiques tf Iridium ; 

dans lequel une phase U2 & preciplte dans une phase cubiqua afaces centrees de la phase matrice, et le 
quantity de la phase est de 20 a 80 % en volume. 

2. Superalliage ^ temperature de fusion 6lev6e selon la revendteatfon 1 , dans lequel le metal (B) est choisi parmi le 
titane, ie zirconium^ le hafnium, le vanadium, eft le tantale. 

3. Superaltlage k temperature de fusion elevee aelon la revendlcation 1 ou 2. dans lequel le pouicentage atomique 
de la somme de (A) et de (B) est de 20 h 70 %. 

4. Superalliago a temperature de fusion elevee selon les revendfcations 1 a 9, dans lequel, au cas oQ le metal (C) 
est Piridium, le rapport atomique de (A) k (B) est de 0,3/1 6 8/1. 

5. Superalliage h temperature de fusion §lev6e selon les revendicatlons 1 h 3, dans lequel, au cas ob le mdtal (C) 
est le rhodium, ie rapport atomique de (A) a (B) est de 0,25/1 612/1; 

6. Superalliage k temperature de fusion elev6e constitue de : 

(A) 4 ^ 86 % atomiques de nickel, 

(B) 0,5 a 20 % atomiques d'au molns un metal choisi dans le groupe constitue par le trtane, le zirconium, le 
hafnium, le vanadium, ie niobium, et ie tantale, et 

(G) 4 ^ as % atomiques d'Iridium ou de rhodium, ou d'un melange de ceux-cl, avec (D) de 0,4 a 20 % atomiques 
d'aluminlum, 

dans lequel une phase LI2 a preciplt6 dans une phase cubique a faces centrees de la phase matrk:e, et la 
quantum de la phase LI2 est de 20 k 80 % en volume. 

7. Superalliage a temperature de fusion dlev^e selon la revendlcation 6, dans lequel les sommes des pourcentages 
atomiques de (A) et de (C), et de (B) et de (D) sont §tablie$ comma il suit, 

(A) + (C) ^ 75 % atomiques 
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(B) + P) ^ 26 % atomiques. 

Procedd pour produlre un superalllage a temperature d© fusion Sieve© selon Tun© quelconque des revendlcatlons 
1 k 5 lequel oomprend la preparation d'un melange d-au moins un parmi un superalHage h base d'Irldium fabrlqu^ 
k paiTir dlridlum en tant que base additionnS rfau mofns un m6tal chotel dans la groupe de m6taux constilu6 par 
le ihane. le zirconium, le hafnium, le vanadium, le niobium, et le tantale et un superafllage a base de rhodium 
fabrlqu6 k paiTir de rhodium en tant que base additlonn§ d'au molns un m^tal cholsl dans le groupe de m6taux 
decrlt ci-dessus, avec du nIckeK suM de la formation de llngots pour produire un superalliage k temperature de 
fusion elev§e. 

Proc6d6 pour produire un superalliage a temperature de m&\on 6Ieveo selon Tune quelconque dea revendlcatlons 
1^7, lequel comprend la preparation tfun melange d"au molns un parmi un superalKago k base d'iridium f abriqu6 
h paitir ^iridium en tant que base addlilonne d'au moins un metal cholsl dans le groupe de mitaux constltue par 
le titane, le zirconium, le hatnium. le vanadium, le niobium, et le tantafe et un superalliage a base de rhodium 
fabrique & partir de rhodium en tant que base additionne tf au molns un metal choisi dans le groupe de metaux 
decrit ci-dessuB. aveo un alliage k base de nickel fabrique a partir de nickel en tant que base additionne d'au moins 
un metal choisi dans le groupe de metaux decrit cl-dessus, ou Taluminlum, suivl de la formation de iingote pour 
produire un superalliage a temperature de fusion elevde. 
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